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ABSTRACT
Spicules have been observed on the sun for more than a century, typically in chromospheric lines such as
Hα and Ca II H. Recent work has shown that so-called ‘type II’ spicules may have a role in providing mass to
the corona and the solar wind. In chromospheric filtergrams these spicules are not seen to fall back down, and
they are shorter-lived and more dynamic than the spicules that have been classically reported in ground-based
observations. Observations of type II spicules with Hinode show fundamentally different properties from what
was previously measured. In earlier work we showed that these dynamic type II spicules are the most common
type, a view that was not properly identified by early observations. The aim of this work is to investigate the ef-
fects of spatio-temporal resolution in the classical spicule measurements. Making use of Hinode data degraded
to match the observing conditions of older ground-based studies, we measure the properties of spicules with a
semi-automated algorithm. These results are then compared to measurements using the original Hinode data.
We find that degrading the data has a significant effect on the measured properties of spicules. Most impor-
tantly, the results from the degraded data agree well with older studies (e.g. mean spicule duration more than 5
minutes, and upward apparent velocities of about 25 kms−1). These results illustrate how the combination of
spicule superposition, low spatial resolution and cadence affect the measured properties of spicules, and that
previous measurements can be misleading.
Subject headings: Sun: atmosphere — Sun: chromosphere — Sun: transition region
1. INTRODUCTION
Spicules are dynamic structures in the solar chromosphere,
first observed by Secchi (1877). Traditionally observed in
Hα , many of the earlier studies were reviewed by Beck-
ers (1968, 1972). These reviews painted a classical view
of spicules as jets ascending with apparent velocities around
25 kms−1, lifetimes of about 5 min, and reaching heights of
6− 9 Mm. For several decades, this observational descrip-
tion has provided the constraints for spicule formation mech-
anisms (Sterling 2000). The reported lifetimes of 5 min sug-
gested a connection to the photospheric/granular time scales.
The coronal heights reached made spicules candidates to
transfer mass and energy from the photosphere to the corona
(Beckers 1968; Pneuman & Kopp 1978; Athay & Holzer
1982; Tsiropoula & Tziotziou 2004). Yet these enigmatic
structures have eluded modelers partly because, as noted by
Sterling (2000), older observations were not detailed enough
and spicules were just beyond the resolution limits of instru-
ments.
The launch of Hinode (Kosugi et al. 2007) and the com-
bined use of adaptive optics and image post-processing (van
Noort et al. 2005) in ground-based observations brought a
breath of fresh air to the observational studies of spicules. By
providing a seeing-free, stable observing platform with high
spatial and temporal resolution, Hinode showed spicules in
unprecedented detail. Using Hinode observations, De Pontieu
et al. (2007) reported spicules as much more dynamic fea-
tures than previously thought, and suggested the existence of
two types of spicules: slower, longer-lived ‘type I’ and faster,
shorter-lived ‘type II’. Recently, Pereira et al. (2012, here-
after Paper I) have extended this work by measuring a com-
prehensive set of spicules over several solar regions observed
with Hinode. Paper I confirmed the existence of two types of
spicules, finding type I spicules to have typical lifetimes of
150−400 s, ascending velocities of 15−40 kms−1, and type
II spicules to have lifetimes of 50− 150 s, and velocities of
30−130 kms−1. Besides the lifetimes and velocities, the ma-
jor difference between type I and type II spicules is that the
former rise and fall in a parabolic trajectory, while the latter
only have a rise phase and then fade from the passband.
The fading of type II spicules has fueled the idea that they
are rapidly heated to higher temperatures not visible in the
Ca II H filter, and may deposit mass and energy at coronal
heights (De Pontieu et al. 2007, 2009). Given the mass flux
transported by spicules, even if only a few percent of the mass
flux reaches coronal temperatures, spicules can help power
the solar wind and energize the corona (Beckers 1968; Pneu-
man & Kopp 1978; De Pontieu et al. 2009). This view of type
II spicules being heated to coronal temperatures has been re-
inforced by De Pontieu et al. (2011), who find that some type
II spicules, after fading from the Ca II H passband, appear
in transition region and coronal temperature filtergrams from
the Atmospheric Imaging Array (AIA) on board the Solar Dy-
namics Observatory (SDO). Thus, it is important to make the
distinction between type I spicules (whose material falls back
after it rises) and type II spicules, which have more potential
to mediate the transfer of energy and mass from the chromo-
sphere to the corona.
While type I spicules have properties consistent with the
‘classical’ spicules of Beckers (1968, 1972), type II spicules
do not. Therefore, the question arises: why are measure-
ments of classical spicules seemingly incompatible with type
II spicules seen from Hinode? The question is more perti-
nent as both De Pontieu et al. (2007) and Paper I find type I
spicules abundant only in active regions, with Paper I finding
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Table 1
Observational data sets.
Starting time x coord. y coord. ∆t Duration NO ND
(arcsec) (arcsec) (s) (min)
2007-04-01T14:09 900 −288 4.8 55 24 8
2007-04-01T15:09 933 −145 4.8 55 47 7
2007-08-21T13:35 945 0 4.8 204 62 25
2011-09-16T03:00 −955 259 3.2 66 41 12
Note. — ∆t is the observational cadence, NO the number of spicules
detected in the original data, and ND the number of spicules detected in
the degraded data.
type II spicules dominant in the quiet sun and coronal holes.
A plausible explanation is that the lower spatio-temporal res-
olution used before precluded the detection of the highly dy-
namic type II spicules. With such conditions, it is possible
that spicules appearing and disappearing at the same place
might be interpreted as one longer lived spicule, thereby bi-
asing the measurements towards longer lifetimes and presum-
ably different velocities. In this work, we put this hypothesis
to the test by using the same spicule detection methods of
Paper I on the same Hinode data but now degraded to approx-
imate the conditions of previous studies. We then compare
the results of spicules measured on the degraded data with
those from Paper I. Our aim is to study the effects of the
spatio-temporal resolution in spicule measurements, in par-
ticular those of early observations that provided the basis for
the ‘classical’ view on spicules.
2. ANALYSIS AND RESULTS
The data used are the quiet sun subset of Paper I. They
span four sets of observations with Hinode/SOT Broadband
Filter Imager (Tsuneta et al. 2008; Suematsu et al. 2008), in
the Ca II H (396.85 nm) filter. These sets were chosen for
their high cadence and quietness (e.g., absence of brightenings
in X-ray images). The data were reduced using the standard
IDL procedure fg_prep.pro, and co-aligned using the cross-
correlation technique of De Pontieu et al. (2007). A radial
density filter (as in De Pontieu et al. 2007; Okamoto et al.
2007) was applied, along with a diagonal difference (emboss)
filter to enhance the visibility of the spicules. Details of the
observations are listed in Table 1.
To compare spicule measurements with previous studies we
have degraded the Hinode data to mimic older observations.
The spatial resolution has been degraded with a 1′′ FWHM
Gaussian, and we sampled the images in time to get a cadence
of 38.4 s. The same radial density and emboss filters were ap-
plied to the degraded data. The effect of the spatial degrada-
tion is illustrated in Fig. 1. Meant to encompass the heteroge-
neous range of parameters of older observations, these values
are a simple approximation. Some studies had higher spatial
resolution, others higher cadence (see Table 2), but overall we
believe our values to be a reasonable approximation, in partic-
ular because other effects such as seeing were not introduced
in the degradation. In this kind of filtergram analysis, seeing
can have two main effects: a reduced spatial resolution from
a consistent less than ideal seeing, and variable time series
quality when the seeing varies significantly with time. With
our data degradation, the spatial resolution effects of a con-
stant seeing are accounted for, but not the time series effects.
One should note that the effects of seeing on time series are
probably often underestimated: only a few bad frames in a se-
quence with good seeing can be very disruptive for dynamic
Original 4′′
Degraded 4′′
Figure 1. Sample images from 2007 August 21, 14:33:39 UT. The de-
graded image (bottom) was obtained by blurring the original image (top)
with a Gaussian filter with a FWHM of 1′′. Radial density and emboss fil-
ters were applied to the images. Each panel is approximately 56′′×24′′, and
the approximate solar (x, y) coordinates for the lower left corner are (935′′.9,
28′′.1). [This figure is available as an animation in the electronic edition of
the Journal.]
events such as spicules.
For our comparison we use the quiet sun results of Paper I
referring to them as ‘original’, along with the results from
the ‘degraded’ data. For consistency, we used the same semi-
automated algorithm, procedure, and settings of Paper I for
detecting and measuring spicules. The method is briefly out-
lined below, with a more detailed description in Paper I.
The spicule detection is based on the algorithm used by
Rouppe van der Voort et al. (2009) and tracks the time evo-
lution of spicules, detecting spicules in each image and link-
ing them with matching features in following images. From
the detection algorithm we obtain the coordinates of spicules
linked across several images. These chains of events are vi-
sually inspected and purged of false positives (e.g. detections
that are not spicules or spicules that are incorrectly linked).
The next step is to measure the properties of spicules.
From the several quantities measured in Paper I, here we fo-
cus only on three: lifetime, maximum ascending velocity, and
maximum height. The lifetime is obtained by visual inspec-
tion of the images before and after those in which a spicule
was detected. The frames where the spicule is first and last
seen are identified, and the lifetime is given by the time inter-
val between them. Similarly, the maximum height is obtained
by visual inspection of the images where the spicule is seen.
The image were the spicule reaches its maximum height is
identified and the height is measured as the closest distance
from the top of the spicule to the limb. Finally, the max-
imum velocity is derived using space-time diagrams of the
spicule intensity along its axis. Using the spicule coordinates
provided by the algorithm, space-time diagrams are built ac-
counting for the spicular transverse motion. The approximate
positions of the spicule tops for each time are identified in this
diagram, and the velocity is extracted from a linear fit to these
points.
Measuring limb spicules is a difficult task, which leads to
a certain subjectivity in the measurements when the signal is
not very clear. The large degree of spicule superposition at
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Figure 2. Normalized distributions of spicule properties for the original (blue solid) and degraded (red dashed) data.
Table 2
Comparison of mean spicule properties.
Observations Cadence N 〈t〉 〈vup〉 〈Hmax〉
(s) (s) (kms−1) (Mm)
Roberts (1945) 60 48 270 30 7.3
Dizer (1952) 30 353 132 20, 40a 7.4
Rush & Roberts (1954) 10−60 101 210 31 9.0
Lippincott (1957) ≈ 30 77 342 24 7.3, 9.5b
Nishikawa (1988) ≈ 30 4 339 42 8.7
Christopoulou et al. (2001) 24 4 353 43 4.9
Pasachoff et al. (2009) 49.2 40 426 27 7.2
This work (original) 3.2−4.8 177 111 60 5.5
This work (degraded) 38.4 52c 340 26 6.7
Note. — Symbols denote: number of spicules N, lifetime t, apparent as-
cending velocity vup, and maximum height Hmax.
a The two values refer to “quiet” and “agitated” regions, respectively.
b The two values refer to equator and latitude ±84o, respectively.
c Velocities were derived from 23 spicules.
the limb is the main observational difficulty in tracking and
measuring these objects. As discussed in Paper I, our spicule
detection method has uncertainties and selection effects, but is
nevertheless a consistent way to compare spicules across data
sets and better than a purely visual estimation, in particular
for comparing spicule properties in the original and degraded
data.
In the degraded data we detected a total of 52 spicules. Of
these, we derived the velocities from only 23 spicules, which
provided the clearest signal. This is perhaps too conservative,
but we wanted to keep our sample as clear as possible from
less accurate measurements. From Table 1 one can see that in
the original data over three times more spicules were detected.
This discrepancy comes largely from the spatial degradation,
whose blurring lowers the contrast of spicules and makes the
automated detection harder. In Paper I more than 98% of the
spicules in these observations were found to be of type II, and
the remaining of type I. In the smaller numbers of spicules
detected in the degraded data, we did not find spicules with a
parabolic rise and fall motion (as type I spicules), or spicules
with a descending phase.
The distributions of the measured spicule properties are
shown in Fig. 2. For the degraded data we obtain a mean life-
time of 340 s with a standard deviation of σ = 107 s; a mean
maximum velocity of 25.8 kms−1 with σ = 11.4 kms−1; and
a mean maximum height of 6.66 Mm with σ = 1.35 Mm. For
the original data the results were a mean lifetime of 111 s
with σ = 54 s; a mean maximum velocity of 60.0 kms−1 with
σ = 23.3 kms−1; and a mean maximum height of 5.51 Mm
with σ = 1.70 Mm.
3. DISCUSSION
3.1. Degraded Data and Classical Spicules
Measuring spicules from degraded Hinode data has a dra-
matic effect on their properties, as evidenced by Fig. 2. Even
more striking, the values from the degraded data agree very
well with the classical results for spicules. It can be argued
that our analysis suffers from systematic effects and uncer-
tainties (like all studies of spicules, but which we minimize
here as much as possible). However, the differential analysis
between original and degraded data cancels those systemat-
ics and undeniably proves the effects of data degradation on
spicule properties. Our results are not meant to provide the
universal values of spicules measured from degraded data –
the rather approximate nature of our degradation precludes it
– but instead illustrate how such degradation can affect mea-
surements of spicules.
In Table 2 we compare our results with those of several
ground-based studies, such as Roberts (1945), Dizer (1952),
Rush & Roberts (1954), and Lippincott (1957), which pro-
vided the basis for the reviews of Beckers (1968, 1972). Ad-
ditionally, we include the results of Nishikawa (1988) and
Christopoulou et al. (2001). The more recent work of Pasa-
choff et al. (2009) is also included, even though the authors
used a modern telescope (SST, Scharmer et al. 2003) with
higher spatial resolution than Hinode/SOT. Nevertheless, the
authors used a very long cadence of 49.2 s and despite the
high spatial resolution the observations were still subject to
seeing effects in the time series.
All of the ground-based observations we compare with
were made with Hα filters, while the Hinode data were ob-
served in the Ca II H filter. We are making the assumption that
limb spicules should be comparable with both diagnostics.
Spectroscopic studies show that Hα and Ca II H and K have
similar Doppler velocities (Athay & Bessey 1964; Alissan-
drakis 1973). Imaging studies such as the early work of Athay
& Roberts (1955) and most recently McIntosh et al. (2008)
show similar limb structures in Hα and Ca II filters. We used
the same Hinode SOT/NFI data as McIntosh et al. (2008) to
construct Hα filtergrams and compare them with simultane-
ous SOT/BFI Ca II H filtergrams. In Fig. 3 we compare both
filtergrams. These observations were taken starting at 14:46
UT on 2007 September 27. The Hα filtergrams shown were
obtained by summing NFI filtergrams at Hα±80 pm (red and
blue wings, observed 3.2 s apart). It is clear from Fig. 3 and
the animation that both the spicule structure and the time evo-
lution are very similar in Hα and Ca II H. Thus, it seems rea-
sonable to compare measurements from both diagnostics.
Many older studies do not distinguish between quiet sun,
coronal holes, or active regions. With observations spanning
a large area of the sun, the spicules studied were a sample of
many regions. For our comparison we focused on quiet sun
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Hα 4′′
Ca II H 4′′
Figure 3. Hα and Ca II H filtergrams from SOT polar observations taken at
14:46:32 UT on 2007 September 27. Hα filtergram is the sum of red and
blue wing NFI filtergrams (Hα±80 pm, taken 3.2 s apart). Each Ca II H BFI
filtergram was observed 1.6 s after the second Hα exposure. Radial density
and emboss filters were applied to the images. Each panel is approximately
56′′ × 24′′, and the approximate solar (x, y) coordinates for the lower left
corner are (−2′′.4, 951′′.9). [This figure is available as an animation in the
electronic edition of the Journal.]
observations because the properties of quiet sun and coronal
hole spicules are very similar (Paper I) and in the degraded
data the difference would be negligible. Active regions were
not included because they are not as common and were not
singled out in the description of classical spicules.
With typical cadences between 30− 60 s, older ground-
based observations could only observe type II spicules in a
few frames. It is perhaps not surprising that spicules with typ-
ical lifetimes of 50−150 s (Paper I) were generally not found.
With the exception of Dizer (1952), all of the listed studies
give mean lifetimes above 200 s. In terms of mean ascending
velocities, the first four studies in Table 2 have established the
Beckers canonical value of 25 kms−1. At the time, this value
was accepted as representative also because it was consistent
with the Doppler velocities derived from spectroscopic obser-
vations (Beckers 1968). Nishikawa (1988) and Christopoulou
et al. (2001) find higher velocities, but from only 4 spicules
each, all of which had parabolic trajectories (suggesting type
I and not type II spicules).
Using higher spatial resolution observations, Pasachoff
et al. (2009) obtain results that agree very well with the clas-
sical values. While enormous progress has been made in
ground-based observations on the solar disk with adaptive
optics and image reconstruction techniques (van Noort et al.
2005), the effects of seeing are harder to correct in limb im-
ages because of the lack of structures from which to derive
the wavefront distortions. Given the long cadence used and
the difficulties in correcting for seeing at the limb, it is per-
haps not surprising that the measurements of Pasachoff et al.
(2009) are consistent with classical spicules.
Zhang et al. (2012) claim that type II spicules may not even
exist. Using Hinode Ca II H filtergrams the authors measure
spicule properties and find most to be similar to type I spicules
and thus compatible with the classical spicules. We disagree
with their conclusions. In Paper I we analyze the same data
sets and find a dominance of type II spicules, and inconsis-
tencies within their measurements. With the present work we
show that the existence of type II spicules is compatible with
the measurements of classical spicules, given the lower reso-
lution data used in the past.
After their rise phase, classical spicules have been reported
to either fade or descend. The fraction of the spicules that
descend (instead of fading) is not always reported, but can
be more than half (e.g. Lippincott 1957 finds descent in
60% of spicules, Pasachoff et al. 2009 only 28%). In most
of these cases the descent motions were irregular; Beckers
(1968) notes that several studies “notice the descent to be
much more poorly defined than the ascent”. Rush & Roberts
(1954) note that the descent was often “abrupt and irregular,
suggesting that an apparent descent was actually a progressive
loss of visibility”. This hints that at least some of the descents
of spicules could be artifacts caused by seeing and low reso-
lution; a “loss of visibility” is more consistent with the fading
associated with type II spicules. In our original data analysis
on Paper I, we find only 2% of descending spicules in these
data. In the degraded data we find no descending spicules,
possibly owing to the lower number of detected spicules. This
is at odds with the earlier reports. The reasons for this discrep-
ancy are unclear. Some of the apparently descending spicules
observed from the ground could be an artifact of seeing and
resolution (as suggested by Rush & Roberts 1954). It is also
possible that these descents are less visible in Ca II H than in
Hα because of the different passbands.
Both Nishikawa (1988) and Christopoulou et al. (2001)
find up and down parabolic motions in all 4 spicules mea-
sured, which suggests they are type I spicules. At least
for the higher-quality observations of Christopoulou et al.
(2001), it seems unlikely that the detection of parabolic mo-
tion results from data degradation. While Paper I finds a
scarcity of type I spicules in quiet sun and coronal hole re-
gions, it is unclear if there are nearby active regions in the
observations of Nishikawa (1988) and Christopoulou et al.
(2001). Christopoulou et al. (2001) find a connection be-
tween observed spicules and mottles, further suggesting that
the spicules studied are of type I, whose properties are con-
sistent with classical spicules (see the discussion on type I
spicules and mottles in Paper I).
3.2. How Does Data Degradation Affect Spicule
Measurements?
Having established how the data degradation affects the
measurements, it is important to investigate why. Looking
at the degraded data and following the detected spicules, we
identify several trends that affect the measurements. The
clearest of those is what makes lifetimes longer. With a lower
cadence and spatial resolution, following spicules is made dif-
ficult by their dynamic nature. It often happens that spicules
recur from similar footpoints, clustered in a few regions, and
with a high degree of superposition (Paper I). Taking their
transverse motions into account, when observed with long ca-
dences it is often difficult to identify the same spicules in the
next image. Adding a lower spatial resolution and many of
these nearby spicules merge into each other, becoming ex-
tremely difficult to disentangle. Thus, the automated detection
(and human eye) is fooled into thinking that a longer event is
the same spicule, when in reality a much more dynamic sce-
nario of spicules coming and going, and moving transversely
occurs. Because now these spicules are measured over longer
lifetimes, the likelihood of reaching larger heights increases
because by bundling several spicules together we will mea-
The Effects Of Resolution On Spicule Properties 5
sure the tallest in that group. This shifts the height distribu-
tion to larger values (but does not affect the largest values of
the distribution, as should be expected). The effect on the ap-
parent velocities is more convoluted and not so clear cut. A
possible explanation is that with longer cadences one tends to
miss the initial rise phase of the spicules, which represents a
smaller fraction of their lifetime. Hence, one would preferen-
tially sample a smaller range of spicule heights that together
with the longer lifetimes would yield a lower apparent veloc-
ity. In such conditions one should also expect to get several ir-
regular space-time diagrams for the spicule lengths, where no
clear ascent or descent of the spicule is visible. This is corrob-
orated by the fact that we could not get a reliable measurement
of velocity from about half of the detected spicules, because
of such irregular diagrams. This was often also the case in
classical studies, where several authors only derived velocities
from a small fraction of the spicules used for height measure-
ments (Rush & Roberts 1954; Lippincott 1957; Nishikawa
1988).
It is likely that lifetimes derived from classical studies of
spicules are instead related to other dynamic timescales, such
as spicule recurrence. It has been noted that spicules recur
from the same footpoints (Beckers 1968; Paper I). Using
transition region and coronal lines, McIntosh & De Pontieu
(2009) analyzed upflows believed to be associated with type
II spicules and find that these upflows recur with a timescale
around 3− 15 min. This range is consistent with the life-
times derived from classical spicules, suggesting that those
lifetimes reflect not the lifetime of an individual spicule but
the lifetime of a larger ensemble: the timescale of spicule
recurrence. Sekse et al. (2012) find similar recurrence of
Rapid Blueshifted Events, the likely disk-counterpart of type
II spicules.
In this view, the classical features are actually conglomer-
ates of (“type II”) spicules. This is compatible with the spec-
ulation by Zaqarashvili et al. (2007) of “micro-spicules” con-
stituting the coarser spicules detected with their high cadence
and low resolution coronagraphic observations.
4. CONCLUSIONS
The recent discovery of two types of spicules (De Pon-
tieu et al. 2007) shows that spicules are more dynamic
than previously thought. Type II spicules in particular have
short lifetimes (50− 150 s), high ascending velocities (30−
130 kms−1), and are dominant in most of the solar limb, ex-
cept in active regions (Paper I).
The properties of type II spicules (De Pontieu et al. 2007;
Paper I) are incompatible with the classical views on spicules,
consisting of lifetimes around 5 min and apparent velocities of
25 kms−1 (Beckers 1968, 1972). Because type II spicules are
likely to dominate in most locations where classical spicules
were observed, it becomes a problem to reconcile both views.
We suggest that these differences arise from a mix of spicule
superposition and the low spatial and temporal resolution of
older observations. To test this hypothesis we degrade Hin-
ode/SOT observations to similar resolution and cadence of
older studies, and analyze the spicules using the same method
as Paper I. Comparing the results of the original against the
degraded data, we find that the image degradation has a sig-
nificant effect on the measured spicule properties. For the
degraded data we derive a mean lifetime around 5 min and
a mean ascending velocity of 26 kms−1, in very good agree-
ment with the classical values.
We conclude that type II spicules were likely previously de-
tected in the studies reviewed by Beckers, but that their low
spatial and temporal resolutions did not allow for an accu-
rate determination of their dynamic properties. This resolves
the puzzling discrepancy between spicules seen from Hinode
and older ground-based studies, and firmly establishes that the
classical properties are not representative. Theoretical studies
of spicule formation, which so far have relied mostly on the
classical spicule description, cannot afford to ignore the fun-
damentally different properties of type II spicules. These must
be taken into account to provide model constraints.
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